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CMAQ  Community Multiscale Air Quality Model

e Community Model
e Multiscale

— consistent model structures for interaction of urban through
Continental scales

e Multi-pollutant

— 0zone, speciated particulate matter, visibility, acid deposition
and air toxics




CMAQ

> New “Base” Configuration

SAPRC99 gas-phase chemistry
AE3 aerosol module

BEIS 3.09 biogenic emissions




Spatial Domain

- 32 km grid
resolution

- 22,072 grid cells

Temporal Domain

1- 14 July, 1999




Species, Metrics and Networks

O3
SO,
SO,
NO,
HNO,
PM; 5
OMC
EC
NH,

Hourly, max 1-hr, max 8-hr (AIRS)
Mean weekly (CASTNet)
Mean weekly (CASTNet), Mean 24-hr(IMPROVE)
Mean weekly (CASTNet), Mean 24-hr (IMPROVE)
Mean weekly (CASTNet)
Mean 24-hr (IMPROVE)
Mean 24-hr (IMPROVE)
Mean 24-hr (IMPROVE)
Mean weekly (CASTNet)




Each grid cell with an AIRS stations is marked

Hourly data for each of-the 14 days
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1,032 Stations

AIRS




I M P ROVE |nteragency Monitoring of PROtected Visual Environment

24-hr means for: 3, 7,10, 14 July

50 Stations
200 Observations




CASTN et Clean Air Status and Trends Network

Weekly means for 6 —13 July

59 Stations,
59 Observations




Statistics - Errors
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Statistics - Biases
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234,384
0.68
10.8
111.0%
31.4%
15.2

122.4%

31.4%

23.7%

19.5

CMAQ = 22.0 + 0.68 OBS

CMAQ Performance

- Biases positive and
generally small

- MNB, MNGE inflated due to
small hourly obs.




Ozone

Max 1-hr

- _

100 120 #O

CMAQ = 28.0 + 0.6/ OBS

CMAQ Performance
Biases smaller, still positive
Errors smaller

MNB, MNGE closer to
other statistics




120

CMAQ = 24.7 + 0.71 OBS

CMAQ Performance

- Biases positive, smaller than
hourly, larger than max 1-hr

- Errors generally smaller




Hourly Ozone Concentrations (pphb)

Daily Boxplots

Ozone

Hourly

1 2 3 4 5 6 7 &8 g 0 N1 £ 13 4
July

Base Case (32 km) | Al Domain

Hourly Ozone Concentrations (pph)

Observations increase from 1-9
July, then decreases from 10 -12,
then increase thru 14-

Simulations increase from 1-6 July,

decrease on 7 and again on the 10 L - [ - B ] [ -

and 11, then increase thru 14.

i 2 3 4 5 6 7 8 9 0O 11 £ 13 4
July
Base Cases (32 km) | Full Domain




Daily Boxplots

> Ozone Difference

Hourly Ozone Concentrations (ppl)

Hourly

CMAQ - AIRS
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Biases are positive on all days.

1 2 3 4 5 6 7 8 9 0O 11 22 13 #@4
Largest biases occur on 5 and 6 July - July

se Case (32 k) | Full Dormain

Smallest occur on 1, 10 and 11 July




Max 1—Hour Ozone Concentrations {(pphb)

Daily Boxplots

> Ozone

Max 1-Hr

Observations increase from 1-8
July, then decreases from 10 -11,
then increase thru 14-

Simulations increase from 1-6 July,
decrease on 7 and again on the 10
and 11, then increase thru 14.
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Daily Boxplots

> Ozone Differences

Maximum 1—Hr Ozone Concentrations {pph)

Max 1-Hr

CMAQ - AIRS
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Biases are again positive on all days.

_ 1 2 3 4 5 6 7 &8 9 011 € 134
Largest biases occur on 5 and 6 July

Smallest occur on 1, 10 and 11 July




Max 8—Hour Ozone Concentrations (pph)

Daily Boxplots

> Ozone S50

Max 8-Hr 5 == P T

1 2 3 4 5 6 7 &8 9 10 11 2 13 4
July

Max. 8—Hour Ozone Concentrations {ppb)
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Daily Boxplots

> Ozone

Max. 8—Hour Ozone Concentrations (ppb)

Max 8-Hr

CMAQ - AIRS
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Hourly Ozone Concentrations (poph)

Hourly Boxplots

> Ozone

Diurnal pattern is well o
replicated by the model Hour (GMT)

Base Tase (32 km) | Full Domain

Hourly Ozone Concentrations (pph)

- morning minimum (11 - 12 GMT)

- afternoon maximum (20 - 21 GMT)

10 12 14 B 1B 20 22
Hour {(GMT)
Base Case (32 krm) | Full Dormain




Hourly Boxplots

> Ozone

Hourly Ozone Concentrations {pphb)

CMAQ - AIRS
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- Biases are always positive

- Biases smallest in pm when
atmosphere is well mixed.

0O 2 4 6 8 10 € 14 16 18 20 22
Hour {GMT)

Base Cass (32 km) | AUl Domain




SO,
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CMAQ =-0.07 + 1.13 OBS
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Observation (8042', mgm?)

CMAQ Performance
Most simulations within 2:1
Biases are positive and small
Errors are also small

Results better in eastern US




SO,
Week mean

CASTNet

OBS [ CMAQ =0.46 + 1.03 OBS

Model (SO4)-East
Model (SO4)-W est
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Observation (SO42", mg m®)

CMAQ Performance
Most simulations within 2:1

Biases still positive and\small

Errors still small

Results better in eastern |US




0.17

24-Hr mean

IMPROVE

OBS CMAQ =-0.02+ 0.68 OBS
0.28 147

0.46

0.44 0.64

271.5%

157.9% -0.11

3.62

4.08 -24.7%
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0.81 -108.3%
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Observation (NO3'. mg m™)

CMAQ Performance

- Biases are negative and large
- Errors are also large

- Few simulations within 2:1




Model (HNO3)-East
Model (HNO3)-W est

HNO,

Week mean

mgm's)

3,

CASTNet
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59 Observation (HNOS,mg m>)

0.72
1.94

CMAQ Performance

234.3%

ez - Most simulations within 2:1
2.13
247.0% - Biases positive and large

109.2%

- MNB, MNGE inflated due to

99.5%
small observed concentrations

3.01




Model (NH4, ug/m3)-East
& Model (NH4, ug/m3)-West

NH,
Week mean

CASTNet
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59 Observation (NH4 y ng/ma)
0.82
0.57

114.1% CMAQ Performance

28.7%

0.63 - Almost all simulations within 2:1

124.1% _ N
- Biases are positive and large

56.3%

50.9%
- Errors are also large

0.91




PM, 5

24-Hr mean

IMPROVE

OBS JcMAQ = 3.70 + 0.81 OBS
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Observation (PM2.5, mg m™)

CMAQ Performance

- Most simulations within 2:1
- Biases are positive and large

- Errors are also large




Model (OMC)-east
o Model (OMC)-west

OMC
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138 Observation (OMC,m g m™)

0.55
1.61

CMAQ Performance

112.8%

37.1% . . . \
- - Majority simulations within 2:1

127.2% - Biases are positive and large

97.4%
70.3% - Errors are also rather large

3.49
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24-Hr mean

IMPROVE

OBS

CMAQ =0.07 + 0.81 OBS
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CMAQ Performance
- Majority simulations within 2:1
- Biases are small and mixed

- Errors are large




Model (SO2, ppb)-East
Model (SO2, ppb)-W est

SO,

Week mean

, ppb)
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CASTNet

Model (SO

OBS CMAQ = -0.02 + 2.66 OBS ) 107 10°

59 Observation (SO_, ppb)

0.63
1.40

CMAQ Performance

152.4%

58.5%

- Biases are positive and

- very large
170.0%

185.9% - Errors are also very large
164.7%

2.15




Evaluation Summary.

O; Hourly 234,384

O; Max 1-hr 10,149

O; Max 8- hr 10,149

CASTNet 59

SO,
IMPROVE

PM, 5

NH,

SO,




Evaluation Summary

CMAQ

m varies in its ability to simulated air concentrations of.the nine species

- correlations range from ~ 0.55 (EC, OMC) to ~ 0.90 (SO,)
- NME range from ~ 25% (O,) to over 100% (HNO,, SO,)

m generally over-predicts

- Dbiases are positive (except NO,, EC) and for some species large

m performs better for O; and SO, than other species




Contacts:

Brian K. Eder
email: eder@hpcc.epa.gov
www.arl.noaa.gov/

www.epa.gov/asmdnerl




